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LEATHER DYEING 




This invention is concerned with dyeing leather, and in particular to a process for dyeing 
leather which achieves improved colour fastness, particularly for deep shades. 



Although some colour may be imparted to leather by the tanning agents during tanning, 
leather is usually dyed to improve its appearance and to make it saleable. A variety of 
dyeing procedures are in commercial use, the most commonly used being drum and spray 
application. The amount of dyestuflp used on a leather is dependent on the intended 

1 0 purpose of the leather as well as the required surface shade. For example, with many 
shoe upper leathers only surface penetration of the dyestuflF is required since pigmented 
finish coatings are usually used and consequently relatively little dye is required. 
Garment leathers, suedes and nubucks on the other hand must be fiiUy penetrated with 
dyestuff in order that cut edges or buffed surfeces show the same colour. In these cases 

1 5 very high offers of dyestuflfs are used which may be up to 20% of the leather weight. In 
general, dyestufif offers used on leather are very much greater that those used to achieve 
an equivalent shade on many textile substrates. This is often true even of surface dyed 
leathers. The majority of leather dyes are anionic, of the acid and direct types. Fixation 
of these conventional leather dyes is fevoured under acid conditions due to protonation 

20 of amino groups in the collagen matrix. The process of fixation is reversible and raising 
the pH of the leather causes stripping of the dyestuff The dyeing mechanism involves 
salt linkages, hydrogen bonds. Van der Waal's bonds and other electrostatic attractions 
which are weak and easy to break. The weakness of these electrostatic attractions and 
the reversibility of the dyeing mechanism coupled with the very high dye offers used 

25 means that dyed leathers generally have very poor colour fastness properties, particularly 
when conipared to some man-made fibres. 

With leathers dyed to deep shades using high dye offers it is customary to use a cationic 
fixative as an after treatment to the dyeing process. These cationic fixatives form an 
30 insoluble complex with the anionic dyestuff in the leather structure which prevents 
dissolution of loose dyestuff. Use of these fixatives can, thus, significantly reduce dye 
migration as observed in static fastness tests such as IUF426 (Colour Fastness of Leather 
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to Perspiration) and IUF421 (Colour Fastness of Leather to Water). However, although 
these complexes have low aqueous solubility they are not chemically bound to the leather 
substrate and are frequently easily removed by rubbing, such as might occur during wear, 
resulting in transfer of colour to adjacent items of clothing, or during domestic 
laundering processes. The complexes formed between the anionic dyestuffs and the 
cationic fixatives are also easily removed with organic solvents thus reducing the dry 
cleanability of the leather. Poor colour fastness of leather is a major quality issue for the 
leather industry being one of the most common sources of customer complaint. 

One method which has been used to effect improvements in colour festness of dyed 
leathers is through the use of reactive dyestuflfe. These dyestuflfe are essentially similar to 
conventional leather dyestuflfs, being anionic, however, the one important difference is 
that they contain one or more groupings, integral with the dye molecule, which are 
capable of forming covalent bonds between the dye and the substrate. Use of these 
materials has shown potential for producing dyed leathers with very high performance 
levels in terms of colour fastness. However, certain disadvantages are associated with 
the use of these dyes. Leather has a limited number of groups available in the collagen 
matrix with which the reactive dye can react. This means that it is generally only possible 
to achieve pale to medium depths of shade by means of covalent fixation and for deeper 
shades it is necessary to revert to an anionic type acid fixation, which in general reduces 
the fastness properties. 

During the reactive dyeing process, as well as the reaction vnxh the substrate, a 
competing reaction also occurs with the solvent, in this case water. This means that 
some of the dyestufif is lost during the process, due to hydrolysis of the reactive groups, 
and is washed out into the efOuent. As well as the obvious economic implications of 
losing part of the dye oflfer there are also serious environmental implications associated 
with this class of dye due to the hydrolysed dye polluting the effluent. This hydrolysed 
dyestuff has some aflSnity for leather, due to the cationic nature of the leather substrate, 
which makes washing ofif extremely difficult. If this washing off process is not carried 
out effectively and some hydrolysed dye is allowed to remain in the leather, then this can 
give rise to poor wet fesmess and the benefit of the covalently bonded dye is lost. These 
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limitations have meant that reactive dyes have not found widespread usage within the 
leather industry. 

Due to the low number of amine groups in the leather, only a limited amount of reactive 
dye can be covalently fixed. This means that reactive dyes cannot be used effectively for 
deep shades, e.g. black. The high level of customer complaints arising as a result of poor 
colour fastness of dyed leathers means there is a need for viable commercial processes 
capable of significantly in^roving fastness properties, particularly of fully dyed leathers 
of deep shades. 

This invention is based on the finding that improved colour fastness, particularly for deep 
shades, can be achieved by treating leather with an aminosilane or aminosiloxane before 
dyeing . 

Accordingly, in its broadest aspect the present invention provides a process for dyeing 
leather which comprises impregnating the leather with an aminosilane or aminosiloxane 
thereby providing additional dye sites in the collagen matrix for the dyestufiF. 

The aminosilane or aminosUoxane is typicaUy applied to the leather as a pretreatment 
before dyeing, for example by drumming in an aqueous bath. After applying the 
aminosilane or aminosiloxane. the leather is preferably treated to extend the chain length 
of the impregnant, so as to enhance the immobilisation of the impregnant in the collagen 
matrix. 

TypicaUy the nature of aminosilanes is such that self-polymerisation to an aminosiloxane 
occurs in aqueous conditions, e.g. at pH above 7. Self-polymerisation may be initiated in 
situ after impregnatiotu as a pH adjustment step, or an oligomeric self-polymerised 
aminosiloxane may be used as the impregnant. Alternatively, or in addition, the leather 
may be heated, for example, during a drying step, to polymerise the aminosilane or 
aminosiloxane. Increase of chain length may also be achieved by use of a cross-linking 
agent. 
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Aminosilanes and aminosiloxanes are available commercially as amino- or alkylamino- 
fiinctionalised silanes or siloxanes (or silicones), so-called amino-oils. Typically an 
amino-oil has an amine number of at least 0.15, for example 0.15 to 3 or above. Suitable 
amino-siloxane oils include Wacker WR1600 (amine number 0.6) and Wacker L650 
5 (amine number 3.0) and suitable amino-silanes include Wacker G91 and G95. The 
higher the amine number, the greater the number of additional dye sites that are 
provided. Suitable aminosilanes or aminosiloxanes include 3-(2- 
aminoethyi(aniino)propyl trimethoxysilane and its self-condensation products. 

10 Compounds for use as the amino-fimctionalised silane or siloxane include those with any 
primary or secondary pendant amino group which will give a reaction with the reactive 
dye. 

For exaniple, compounds of formulae (1), (2) and (3) below may be used: 
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(and analogs thereof containing more than one amino or substituted amino group) 
35 in which X,YJZ are each independently a Cl-12 (especially Cl-4) alkyl or alkoxy group, 
provided that at least one, and preferably at least two of X,Y,Z is alkoxy; 
A,B are each independently hydrogen or a CM alkoxy group; and 
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P,Q are each independently a C 1-12 (typically CI -4) alkylene group. 

Typically P and Q are ethylene or propylene linking groups. X, Y Z are suitably methyl 
methoxy or ethoxy. A and B are preferably hydrogen, but may also be methyl, ethyl, 
5 propyl, etc. 

In a useful class of commercially available compounds (for example from Wacker- 
Chemie) of formulae (1) and (2), P is propylene, Q is ethylene, A and B are hydrogen 
and X, Y, Z are trimethoxy or triethoxy, or X is methyl and Y, Z are dimethoxy or 
10 diethoxy. Suitable compounds are Wacker G91 and G95. 

In compounds of formula (3), suitably A and B are dimethyl, and P is propylene. 
Compounds of this type are commercially available from Rhone Poulenc. 

1 5 Sutiable aminosiloxanes include compounds of structure: 

Me Me Me 

I I I 

HO - (SiO)x " (SiO)y- Si-OH 

20 111 

Me (CH2)3 Me 
I 

NH 

I 

25 (CH2)2 

I 



30 



Compounds of this type are commercially available, such as Wacker WR1600. 

Typically x and y have values from 1 to 30 in commercially available materials. 

In general aminosilanes or aminosiloxanes are preferred which can form large molecules 
by self-polymerisation. When this does not tend to occur due to the nature of the silane 
or siioxane, further crosslinking can be advantageous. 
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Further increases in fastness may be effected by crosslinking with a second silicone such 
as an alpha-omega Si-OH functionalised polymer, typically a hydroxy-terminated silicone 
oil. For example hydroxy terminated silicones that may be used for crosslinking include 
silicone oils of structure: 

Me Me Me 

I I I 

HO -Si - (O-Si)n- OSi-OH 

I I I 

Me Me Me 

such as Wacker X-PDM and X-601 . 



Alternatively the use of non-reactive hydrophobing agents, such as methyl hydrogen 
15 sUoxanes, after impregnation with the aminosilane or aminosiloxane can also increase 
fastness- As hydrophobing agent, there can be used a methyl hydrogen siloxane, such as 
Wacker ElO and WS60E. Alternatives include water-based formulations based on 
silicones with functional groups that react with leather, for example carboxyl-silicones 
(available from BASF under the trade name Densodrin), mercapto-silicones and epoxy- 
20 silicones. 



The aminosilane or aminosiloxane is held in the collagen matrix due to a variety of non- 
covalent bonding e.g. hydrogen bonding. Van der Waals' forces, ionic interactions (pH 
dependent) and other electrostatic interactions; the second silane or siloxane does not 
25 bond the aminosilane or aminosiloxane to collagen. 

The dyestuff is typically a reactive dye which binds to the amino groups in the collagen 
and on the impregnant. Suitable reactive dyestuffs include those already in use in leather 
dyeing, such as acid dyes, mono- and dichlorotriazene dyes, vinylsulphone dyes and any 
30 conventional reactive dye that reacts with amines, e.g. CI-Reactive Black 5, CI-Reactive 
Black 8, CI-Reactive Blue 19, CI-Reactive Red 195, CI-Reactive Yellow 145. 



After the aminosilane/siloxane treatments, the dyeing operation of this invention is based 
on conventional processing. Suitably the aminosilane or aminosiloxane is added as an oil 
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or emulsion to to a water bath, and the leather (optionally pre-neutralised and/or re* 
tanned) is added and drummed to achieve adequate penetration. If desired a pH 
adjustment may be made to initiate self-polymerisation. Alternatively or additionally, a 
second silane or siloxane is added for crosslinking or hydrophobing. The leather may 
5 then be drained and optionally washed and dried. The drying may be carried out at a 
temperature at which self-polymerisation is initiated or completed. Then the 
impregnated leather is returned to the bath, the reactive dyestuflFis added and similarly 
drummed to fix the dyestufif onto the leather and the impregnant. 

10 Once the leather has been treated with the aminosilane or aminosiloxane (with or 

without the second silane or sUoxane), an increased amount of reactive dye is taken up 
by the leather (in comparison with non-treated leather) - for this no acidification is 
required. Thus not only is the fastness of the dyed leather improved, but the dyeing 
process is also assisted i.e. the treatment of leather with aminosiianes or aminosiloxanes 

15 is not an after-treatment to fix the dye, but a pre-treatment which significantly changes 
the dyeing property of the leather. Also the increased take up of dye from the bath 
results in a cleaner effluent, which is of significance for environmental issues. 

In this dyeing process, the concentration of aminosilane or aminosiloxane added may be 
20 changed to suit the required colour strength. Also the concentration of the second silane 
or siloxane may be varied to affect the extent of cross-linking or polymerisation when 
using a reactive silicone such as a hydroxy functionalised silicone, or to afifect the 
hydrophobic character in the case of a methyl hydroxy siloxane. 

25 The processing pH may be adjusted to suit the type of reactive dye used. Also, the pH 
plays an important role in the extent of penetration of the aminosilane or aminosiloxane. 
At higher pH's (e.g. above 7) self polymerisation of the aminosilane or aminosiloxane 
may occur and the rate and extent of penetration of the resultant polyaminosiloxane is 
reduced. At lower pH's, e.g. around pH4, the amino groups become almost completely 

30 ionised and are held on to the leather surfece via ionic interactions with the carboxyl 
groups in the collagen i.e. penetration is hindered due to ionic interactions. This can be 
used to preferentiaUy maintain a higher amine concentration in the upper layer of the 
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leather cross section, thus enabling higher fixation of the reactive dye in the surface layer 
of the leather. 

The invention is illustrated by the following Examples. 

5 



(In the Examples all weights are expressed as a percentage of the weight of the leather to 
be dyed) 

10 

10% by wt. of 3-(2-aminoethyl(amino)propyl trimethoxysilane (Wacker G91) is added to 
200% by wt. water. The solution is then added to neutralised leather and drummed in a 
dyeing vessel at 20 rpm, 55°C for 1 hour. The pH is adjusted to 8.5 with sodium 
bicarbonate and drummed for a further 60 minutes. The float is drained, the leather 
1 5 washed once with 100% by wt. water (55°C, 20 rpm, 5 minutes) and then drained. 

5% by wt. of a methyl hydrogen siloxane (Wacker WS60E) is added to 100% by wt. 
water. This is then added to the leather and drummed for 30 minutes. The float is drained 
and the leather may then be dried to facilitate cross-linking. 

20 

The leather is then dyed with 12% by wt. Reactive Black 5 for 2 hours at 55°C at 20 
rpm. The float, which is practically devoid of dyestuflF (over 98% dye uptake) is then 
drained and washed twice with 200% by wt. water. 

25 The wash fastness, perspiration fastness and crock fastness were measured on the grey 
scale for the staining of adjacent fabric (cotton). Results are expressed in Grey Scale 
Units as staining of an adjacent cotton fabric. Grade 5 = no staining. Grade 1 = very 
stained, i.e. the higher the number, the better the fastness. The results were "4-5" for 
wash fastness, "5" for perspiration and "2-3" for wet crock fastness. 



Example 1 



30 
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A control dyeing without the aminosiiane and the sUoxane gave similar fastness results, 
but the depth of shade (i.e. amount of dye in the substrate) was significantly lower and of 
little commercial value for unfinished leather. 

5 Example 2 

The procedures of Example 1 were repeated using different reactive dyes: CI - Reactive 
Black 5, CI - Reactive Black 8, CI - Reactive Blue 19, CI - Reactive Red 195 and CI - 
Reactive Yellow 145. In each case much improved dye uptake and colour fastness were 
1 0 observed relative to the control. 

Example 3 

Example 1 was repeated by replacing 3-(2-aminoethyl(amino)propyltrimethoxysilane 
1 5 with a prepolymerised aminosiloxane (Wacker L-650 - a dimethyl polysiloxane which 
contains aminoalkyl groups ) 

Examples 4 and 5 

20 The procedures of Examples 1 and 3 respectively were repeated replacing the 

methylhydrogen siloxane with two diflFerent hydioxy-fimctionalised silicones (Wacker X- 
PDMandX-601). 
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CLAIMS 

1 . A process for dyeing leather which comprises impregnating the leather with an 
aminosilane or aminosiloxane that provides additional dye sites in the collagen matrix for 

5 the dyestuff. 

2. A process according to claim 1 in which the aminosOane is 3-2- 
aminoethyl(amino)propyl trimethoxysilane. its siloxane product or a dimethyl 
polysiloxane with aminoethyl groups. 

10 

3. A process according to claim 1 or 2 in which the leather is treated to polymerise 
the aminosilane or aminosiloxane in-situ. 

4. A process according to claim 3 in which the aminosilane or aminosiloxane is 
1 5 induced to polymerise by a pH adjustment. 

5. A process according to claim 3 or 4 in which the chain length of the aminosilane 
or aminosiloxane is increased by treatment with a cross-linking agent. 

20 6. A process according to claim 5 in which the crosslinking agent is a hydroxy 
flmctionalised siloxane. 

7. A process according to claim 1 or 2 in which the leather is also treated with a 
hydrophobing agent. 

25 

8. A process according to claim 7 in which the hydrophobing agent is a methyl 
hydrogen siloxane. 

9. A process according to any of claims 1 to 8 in which the dyestuflfis a reactive 
30 dye. 
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10. A process according to any one of claims 1 to 8 in which the dyestuff is an acid, 
direct, metal-con:5}lex, solubilised sulphur dye or mordant dye. 
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